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MODULAR BALLOON CATHETER 
Related Applications 

Pursuant to 37 C.F.R, § 1.78(a)(4), this application is a 
continuation of, claims the benefit of and priority to prior filed co-pending 
Provisional Application Number 60/031,344, filed November 21, 1996, which is 

5 expressly incorporated herein by reference. 

Field of the Invention 

The invention relates generally to modular balloon catheter, and 
more particularly to a modular balloon catheter which incorporates one or more 
connectors made from a shape memory material. 
10 Balloon catheters have been used by the medical community for 

years to expand vessels which are constricted by plaque buildups. Traditional 
balloon catheters are constructed of a long tube or hollow shaft with a hub 
connector at the proximal end of the tube and an expandable balloon and tip at 
or near the distal end of the tube. Fig. 1 shows one such hub connector 

15 manufactured by Occam International BV. A supply line, which is used to 

provide fluid to inflate or expand the balloon, attaches to the hub connector. In 
one traditional use for such catheters, known as percutaneous transluminal 
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coronary angioplasty, the catheter with the balloon in a deflated state is inserted 
through an incision made through the patient's skin, subdermal tissue, and side 
wall of a vessel. The catheter is then directed through various interconnecting 
vessels to the constricted area of interest. Once in place, the fluid pressure is 

5 increased to expand the balloon to the desired size, then reduced to deflate the 

balloon. This cycle of increasing fluid pressure to expand the balloon then 
decreasing fluid pressure to deflate the balloon may be repeated a number of 
times to achieve the desired expansion effect on the vessel being treated. After 
the treatment has been completed, the catheter is removed from the patient's 

10 body while the balloon is in a deflated state. 

Often it is advantageous to use catheters equipped with balloons 
of varying size, length, etc. to perform a procedure. Changes between different 
balloon configuration must be accomplished quickly and easily since the patient 
is normally under minimal sedation and may be experiencing the added stress of 

15 having experienced one or more episodes of cardiac dysfunction. These changes 

are accomplished by reducing the pressure of the expanding fluid to at or near 
ambient pressure and replacing the undesired balloon catheter with a balloon 
catheter of the desired configuration. As previously stated, traditional balloon 
catheters connect to the fluid supply line via a hub. The connection between the 

20 fluid supply line and the catheter is accomplished by a twist-locking motion 

which is cumbersome and often results in delays during the procedure. 

Pressures used to expand a balloon during a medical procedure 
often reaches 20 Bar or higher. As a result, the connection between the fluid 
supply line and the catheter must be designed in such a way to accommodate 
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these levels of pressure while maintaining a connection that is free of leaks. In 
addition, axial, perpendicular, and rotational forces are imposed on the 
connection while a procedure is being conducted in a patient's body. The 
connection must be able to withstand these forces as well without leaking. The 
5 design of the connection must also take into account the small diameter of most 

vessels which requires that the connection mechanism also be very small. 

Most balloon catheters are single use items; they are used on one 
patient during one procedure then discarded. A more cost effective and efficient 
approach would be to provide a catheter with a reusable proximal shaft attached 
10 to a small, single use, distal shaft, balloon, and tip assembly. 

Traditional balloon catheters can be limited to their use due to 
their lack of flexibility, insufficient stiffness during positioning, and minimal 
resistance to kinking. These factors play a major role in determining the 
possible applications for these types of catheters. 
" 1 3 " " " Therefore, there is a need for a modular ballooncathetef inwHich" 

various balloon configurations can be readily interchanged by switching various 
single-use distal shafts in a reusable proximal shaft and the balloon can be 
pressurized without leakage at fluid connections which are small enough to pass 
through the inside dimension of small vessels. 
20 0ne °bject of the invention is a modular balloon catheter. 

Another object is a modular balloon catheter in which various 
balloon configurations can be readily interchanged. 
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A further object of the invention is a modular balloon catheter in 
which the catheter is comprised of a reusable proximal shaft and a single-use 
distal shaft incorporating a balloon. 

Still another object is a modular balloon catheter in which the 
fluid line connections are small enough to pass within the inside dimension of 
small vessels. 

Yet another object of the invention is a modular balloon catheter 
in which the fluid line connections provide a seal without leakage. 

Additional objects, advantages, and novel features of the 
invention will be set forth in part in the description which follows, and in part 
will become apparent to those skilled in the art upon examination of the 
following or may be learned by practice of the invention. 
Summary of the Invention 

According to the present invention, the foregoing and other 
objects are attained by a modular balloon catheter with proximal and distal 
shafts which can be occupied by a connector made from a shape memory alloy. 
The proximal shaft of the catheter can be connected to the fluid supply source by 
either a conventional connector or a connector which is designed for and is made 
of a shape memory material. 

Shape memory materials have several characteristics which make 
them particularly advantageous for this type of device. These materials exhibit 
different crystalline structures, and therefore varying physical properties, 
depending upon the temperature of the component made from a shape memory 
material. The crystalline structure changes configuration over a range of 
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temperatures, known as the material's transformation temperature range (TTR). 
Shape memory materials are generally weak and pliable when the material is at a 
temperature below its TTR and relatively strong with superelastic properties 
when the material is at a temperature above its TTR. Generally, the strength and 
superelastic characteristics tend to increase toward the higher temperature end of 
the material's TTR and decrease toward the lower end of its TTR. The 
characteristics of shape memory materials are well documented. For example, 
the book entitled Engineering Aspects of Shape Memory Alloys , published in 
1990 by Butterworth and Heinemann and edited by T.W. Duerig, K.N. Melton, 
D. Stockel, and CM. Wayman (ISBM No. 0-750-61009-3) is an excellent 
treatise on shape memory materials. Two articles therein, each of which are 
incorporated by reference herein in their entirety, entitled "An Introduction to 
Martensite and Shape Memory" by CM. Wayman and T.W. Duerig > pages 3-20, 
and "The Mechanical Aspects of Constrained Recovery" by J.L. Proft and T.W, 
Duerig, pages 1 15-129, provide a good description of the issues surrounding 
shape memory materials. The unique properties of shape memory materials 
enable any structure made of such a material to have one geometric 
configuration or shape at a temperature below its TTR and another geometric 
configuration at a temperature above its TTR. 

For purposes of the present invention, the working temperature of 
the catheter is typically a range of temperatures above the material's TTR. 
preferably those temperatures which would be encountered by the catheter 
during a medical or surgical procedure. Within these higher temperatures, 
connectors made from such a shape memory material are relatively strong with 
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superelastic properties. In addition, the shape of the connector while in this 
higher temperature range prevents the connector parts from being removed or 
disconnected from one another. In order to disconnect the connector, the 
temperature of the connector is lowered to a range of temperatures below the 
material's TTR. Within these lower temperatures, connectors made from such a 
shape memory material are generally weaker and more pliable than when the 
material is within a temperature range above its TTR. The shape of the 
connector while in this lower temperature range allows the connector parts to be 
removed or disconnected from each other freely. Connectors of this type can be 
used to join the proximal and distal portions of the catheter to join the fluid 
supply line to the proximal portion of the catheter. 
Brief Description o f the Drawings 

Fig. 1 is a plan view of a traditional hub connector. 

Fig. 2 is a sectional view of one embodiment of the present 
invention showing a proximal and a distal shaft prepared for insertion of the 
proximal end of the distal shaft into the distal end of the proximal shaft. 

Fig. 3 is a sectional view of another embodiment of the present 
invention showing a proximal and a distal shaft prepared for insertion of the 
proximal end of the distal shaft into the distal end of the proximal shaft. 

Fig. 4 is a sectional view of another embodiment of the present 
invention showing a proximal and a distal shaft prepared for insertion of the 
distal end of the proximal shaft into the proximal end of the distal shaft. 
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Fig. 5 is a sectional view of another embodiment of the present 
invention showing a proximal and a distal shaft prepared for insertion of the 
proximal end of the distal shaft into the distal end of the proximal shaft. 

In one embodiment of the present invention, the proximal shaft 
5 can be made entirely in the shape of a long, cylindrical tube of superelastic shape 

memory material. This embodiment combines the advantages of enhanced 
flexibility, pushability, torqueability, and kinking resistance of a superelastic 
material with the benefits of a temperature sensitive connector. In this 
embodiment, the material has superelastic behavior at working temperature, but 
10 by cooling the tube to a temperature below the material's TTR, the material 

changes crystalline structure and becomes deformable. 

Before the characteristics of shape memory materials can be used 
to create a mechanical connection between the proximal shaft and the distal 
shaft, the components must be trained to have the shapes desired. If the leading 
15 edge of the proximal tube is cooled, it will be possible to radially expand this 

tube temporarily by inserting a pin or tube with an outer diameter that is a 
maximum 8% larger than the inner diameter of the superelastic tube. As soon as 
the superelastic tube is warmed to ambient temperature, it will try to transform 
back to the high temperature phase. Before warming up, the proximal end of the 
20 distal shaft is put into the expanded section of the proximal shaft. The outer 

diameter of the proximal end of the distal shaft has a value that is larger than the 
inner diameter to which the tube would return if this recovery was not prevented. 
The recovery stress that builds up when warming up causes radial contraction, 
which is sufficient to produce a stable, leak free connection. 



In accordance with another aspect of the invention, of course, the 
proximal shaft can be made of any acceptable material, such as, but not limited 
to, stainless steel. The connector can be used in the shape of a short piece of 
supereiastic tube that clamps identically as in the previous case. Here, the 
superelastic tube clamps on two inserted parts: the distal end of the proximal 
shaft and the proximal end of the distal shaft. They are inserted with low force 
into the cooled connector tube and will be stable and leak free connected at 
ambient temperature. An alternative option with a short temperature sensitive 
tubular connector would be the use of a tube that is inserted permanently in the 
distal end of the proximal shaft and which can be compressed after cooling to 
enable the proximal end of the distal shaft to be slipped over the temporarily 
smaller diameter of the connector. During warming, the connector will radially 
expand and lock itself firmly into the distal shaft. 

In accordance with yet another aspect of the invention, an 
external temperature variable locking ring can be used to clamp two 
telescopically engaged elements. If, for example, the proximal end of the distal 
shaft fits into the distal end of the proximal shaft over a certain insertion depth, 
it is possible to make a tight connection by elastic deformation of the outer part 
against a relatively rigid inner part by means of a variable locking ring. This 
locking ring can be cooled to loosen the compression force between the two 
connected parts, thus enabling the disconnection. In this embodiment, the most 
expensive pans of the construction are built in the reusable proximal shaft, 
which means that the temperature sensitive connector is placed at the distal end 
of the proximal shaft. Of course, the option is available to connect the proximal 
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end of the proximal shaft by means of the same principle to a hub that is used as 
a regular standard connector for medical practice. 

The scope of the invention also encompasses the use of 
temperature sensitive connectors permanently attached at the proximal end of 
5 the distal shaft instead of the distal end of the proximal shaft. The temperature 

sensitive connector may be provided with an internal or external liner that can 
have several functions. The first function can be the improvement of sealing 
against leaking and the second can be the function of a biasing force. Such a 
biasing force can help to make the disconnection during cooling easier. An 
10 example is a heat shrinkable connector with an inner liner that can be elastically 

deformed by the shape memory material when it is in the warm condition. 
However ; during cooling the shape memory material will loosen its contraction 
force, while the elastic expansion force of the liner remains constant. With 
proper tuning of the strength of both materials, it is possible to make a combined 
1 5 connector that opens during cooling and contracts during warming. If needed, 

the liner may have a pattern of slots to increase elasticity. For connectors that 
are heat expandable, it may be necessary to put the biasing liner around the 
shape memory material. 

In Figs. 2-5, the distal end of a proximal shaft 10 can be mounted 
20 to the proximal end of a distal shaft 20 of the catheter by means of a temperature 

sensitive shape memory material. 

Referring now to Fig. 2, shown is a superelastic tube 1 1 which 
has a leading end 12 that can be radially expanded after cooling below the TTR. 
The distal shaft 20 is made of a polymer or metallic part 21 which is 
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pennanently connected to a metal insert ring 23 with its proximal end 22. After 
cooling, insert 23 can be put into section 12 and the temperature can be raised 
again to start the radial contraction of section 12 around insert 23. If needed, 
section 12 can be cooled, e.g., by ice water or any other suitable coolant, to 
enable the disconnection of the proximal 10 and distal 20 shafts. As can be 
readily seen, the internal diameters can be chosen in such a way as the fluid 
transfer through the catheter is not obstructed. • Therefore, the connector part 12 
of the superelastic tube 1 1 can be expanded and heat treated to produce the 
shape shown. 

Referring now to Fig. 3, this embodiment is shown which reduces 
the amount of relatively expensive shape memory material required. Only the 
connector part 14 is made of shape memory material. The proximal shaft 10 is 
merely made of a conventional tube 13 welded to the connector 14. The insert 
24 of the distal shaft 20 is pushed into the cold connector and then recovery 
during warming begins. The connector 1 4 may be provided with a biasing 
elastic liner (not shown) to enable a larger radial expansion during cooling ; so 
that the Insertion of the proximal end of the distal shaft requires less force to 
insert. This liner may have a pattern of slots to increase elasticity (not shown). 
An example of a slotted biasing element will be described in Fig. 5. 

Referring now to Fig. 4, the use of a short, temperature sensitive 
connector 16 is shown. In the leading end of tube 15 of proximal shaft 10, a 
short length of connector 16 is permanently attached and the remaining length 
can be compressed during cooling. Now, the proximal end of insert 24 of distal 
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shaft 20 is brought over the connector 16 and recovery can begin, providing the 
connection. 

Referring now to Fig. 5, a construction is provided where the 
proximal end 26 of the distal shaft 20 fits into the distal end of the proximal tube 
17. The end of tube 17 is provided with slots 19 to enlarge the elasticity of the 
wall of tube 17. The end of proximal shaft 10 is surrounded by a ring 1 8 of a 
heat sensitive shape memory material. Insert and distal shaft are connected 
permanently. The wall of the distal shaft can be made of a polymer that may be 
elastic to achieve a proper recovery stress in ring 1 8 during warming. Therefore, 
the insert, with a higher stiffness than wall 25 may be necessary. The free end 
26 of the insert can be put into the connector until it touches stop 27. The means 
that end 26 of the insert is placed deep enough to prevent leakage between the 
slots 19 and insert 26. Therefore, part 26 is longer than slots 19. Wall 25 can be 
permanently attached to part 28 of the insert using the same stop 27. The slotted 
section 19 can also be part of a separate biasing liner, as described in Fig. 2. 

A further embodiment would be the use of more than one 
connector to interconnect more than two modular components of a balloon 
catheter system. 

The temperature sensitive shape memory materials described 
herein can be a shape memory metal or a shape memory polymer, as well as a 
heat shrinkable thermoplastic. 

Reasonable variations and modifications of the invention are 
possible within the scope of the foregoing disclosure of the invention. For 
example, although several embodiments of the invention have been illustrated in 
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the accompanying drawings and described in the foregoing best mode for 
carrying out the invention, the invention is not limited to the embodiments 
disclosed, but is capable of numerous rearrangements, modifications, and 
substitution of parts and elements without departing from the scope and spirit of 
5 the invention. 
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Claims -13- 

1 . A medical device, comprising: 
a first catheter section; 

a second catheter section; and 

a ring-shaped connecting member for releasably coupling said 
first and second catheter sections, said connecting member made of a shape 
memory material which is operative for coupling and uncoupling said catheter 
sections upon passing through its transformation temperature range. 

2. A medical device of claim 1 wherein said connecting member is 
sized and configured to encircle said first and second catheter sections. 

3. A medical device of claim 2 wherein said connecting member 
contracts upon heating above its transformation temperature range to couple said 
first and second catheter sections. 

4. A medical device of claim 3 wherein said connecting member 
loosens its contraction force upon cooling below its transformation temperature 
range to uncouple said first and second catheter sections. 

5. A medical device of claim 2 wherein said connecting member 
contracts upon cooling below its transformation temperature range to couple said 
first and second catheter sections. 
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6t A medical device of claim 5 wherein said connecting member 

expands upon heating above its transformation temperature range to uncouple 
said first and second catheter sections. 



7 * A medical device of claim 2 wherein said connecting member is 

permanently attached to one of said first and second catheter sections. 

8 - A medical device of claim 7 wherein said connecting member is 
welded to one of said first and second catheter sections. 

9 - A medical device of claim 2 wherein said first catheter section 
has distal and proximal ends, said second catheter section has distal and 
proximal ends, and said distal end of said first catheter and said proximal end of 
said second catheter are telescopically engaged one within the other. 

10 - A medical device of claim 9 wherein said connecting member 
couples said telescopically engaged first and second catheter sections by 
compressing the outer catheter section against the inner catheter section. 

1 1 • A medical device of claim 1 0 wherein said outer catheter section 

is slotted to facilitate compression thereof. 

12 - A medical device of claim 1 wherein said connecting member is 

sized and configured to fit within said first and second catheter sections. 
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13. A medical device of claim 12 wherein said connecting member 
expands upon heating above its transformation temperature range to couple said 
first and second catheter sections. 

14. A medical device of claim 1 3 wherein said connecting member 
contracts upon cooling below its transformation temperature range to uncouple 
said first and second catheter sections. 

15. A medical device of claim 12 wherein said connecting member 
loosens its contraction force upon cooling below its transformation temperature 
range to couple said first and second catheter sections. 

16. A medical device of claim 15 wherein said connecting member 
contracts upon heating above its transformation temperature range to uncouple 
said first and second catheter sections. 

17. A medical device of claim 12 wherein said connecting member is 
permanently attached to one of said first and second catheter sections. 

18. A medical device of claim 17 wherein said connecting member is 
welded to one of said first and second catheter sections. 

19. A medical device of claim 1 wherein one of said first and second 
catheter sections is connected to a balloon catheter. 
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20. A medical device of claim 19 wherein the other of said first and 

second catheter sections is connected to a fluid supply source for inflating said 
balloon catheter. 



21. A medical device of claim 1 wherein said shape memory material 
is selected from the group consisting of shape memory metals, shape memory 
polymers, and heat shrinkable thermoplastics. 

22. A medical device of claim 1 further comprising a metal insert 
ring coupled to one of said first and second catheter sections and sized and 
configured to be releasably engaged by said ring-shaped connecting member to 
couple said first and second catheter sections. 



23. A medical device comprising: 

a first catheter section having proximal and distal ends; 

a second catheter section having proximal and distal ends; 

one of said first and second catheter sections being made of a 
shape memory material and said proximal end thereof sized and configured for 
releasably coupling with said distal end of the other of said first and second 
catheter sections upon passing through its transformation temperature range. 



24. A medical device of claim 23 wherein said shape memory 

catheter section telescopically engages the other catheter section by encircling at 
least a portion thereof. 



WO 98/22175 



PCT/US97/21693 



- 17- 

25. A medical device of claim 24 wherein said shape memory 
catheter section contracts upon heating above its transformation temperature 
range to couple said first and second catheter sections. 

26. A medical device of claim 25 wherein said shape memory 
catheter section loosens its contraction force upon cooling below its 
transformation temperature range to uncouple said first and second catheter 
sections. 

27. A medical device of claim 24 wherein said shape memory 
catheter section contracts upon cooling below its transformation temperature 
range to couple said first and second catheter sections. 

28. A medical device of claim 27 wherein said shape memory 
catheter section expands upon heating above its transformation temperature 
range to uncouple said first and second catheter sections. 

29. A medical device of claim 23 wherein one of said first and 
second catheter sections is connected to a balloon catheter. 

30. A medical device of claim 29 wherein the other of said first and 
second catheter sections is connected to a fluid supply source for inflating said 
balloon catheter. 
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31. A medical device of claim 23 further comprising a metal insert 

ring coupled to the other of said first and second catheter sections and sized and 
configured to be releasably engaged by said one of said first and second catheter 
sections made of a shape memory material. 
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